The Contextual Activity Sampling System (CASS) research methodology and the CASS-Query application have been developed for contextually tracking of activities with a mobile phone. The method relies on frequent sampling of participants' practices and affects during periods of intensive follow-up. Two research designs provide an account of the methodological development work and the possibilities offered by CASS. The first study followed five student-groups longitudinally to examine evolution of academic knowledge practices. The findings from the second year data-collection show that trialogical practices were considered challenging, but often generated optimal-flow experiences. The second study investigated interprofessional work during a clinical course. Based on this pilot study, it was concluded that the data collected about activities and experiences over time extend the understanding of students' practices beyond what can be acquired by post-course questionnaires and can help in development of the design of interprofessional education in medicine and healthcare.
Theoretical background
The three metaphors of learning, i.e., the knowledge-acquisition, participation, and knowledge-creation metaphor (Paavola, Lipponen, & Hakkarainen, 2004; Paavola & Hakkarainen, 2005) , provide heuristic tools that assist in examining various aspects of learning. It is presumed that in learning there are always three aspects of human activity involved, i.e., subjective (individual learning and cognition), intersubjective (social communities and cultural interpretations), and objective (material culture and designed entities) represented by the three metaphors (cf. Davidson, 2001) . While emphasizing the last approach, the trialogical approach to learning considers all three approaches as systemically interacting (see Paavola & Hakkarainen, this volume) . Particularly for higher education, the trialogical approach aims at developing pedagogical models and tools for organizing learners' activities around shared 'objects', such as texts, models, conceptual artefacts, and also practices. Further, the research contributes to modeling and redesign of current educational practices.
Trialogical knowledge practices
By 'knowledge practices' we mean social and epistemic practices related to working with knowledge, i.e., personal, collaborative, and institutional routines. Schatzki has stated that practices are "embodied, materially mediated arrays of human activity centrally organized around shared practical understanding" (Schatzki, 2000, p. 2) . These include carrying out learning tasks, solving problems, and creating epistemic artifacts, such as essays and research reports. Trialogical knowledge practices, further, are addressed as those collective practices, where a shared object is under development. These objects are created for some authentic purpose and foreseen as having value in a longer timeframe by external users, not only the producers. Such practices have also been referred as knowledge-creation. Institutionally, universities thrive on such practices in research, but as an educational practice, it is often conceived as something that takes place from graduate education onwards.
The present research contributes to the investigation of knowledge practices by sampling university students' ongoing activities and focusing on those aspects which relate to developing some objects collaboratively. Defining the central aspects needs to be continually refined both theoretically and methodologically. With longitudinal follow-ups and case-based investigations the present research addresses the interplay between cognitive, emotional, and contextual aspects in knowledge practices.
Optimal experiences
Prior research on academic emotions has examined various affects during studies (for review, see Pekrun, Goetz, Titz, & Perry, 2002) ; generally, they utilize stimulated recall or interview methods asking participants to report emotions in the prior situations to study academic emotions (Pekrun, 1992) . Relying on experience-sampling methods, the research on flow (Csikszentmihalyi & Csikszentmihalyi, 1988; Delle Fave & Massimini, 2005) has highlighted the interdependencies of competence and challenge in defining the basic types of experiences. The four channel model (Csikszentmihalyi & Csikszentmihalyi, 1988 ) is often used to define different relationships between challenge and competence. Among these, optimal experiences are characterized by high challenge combined with adequate competency for the task or situation. It is often related to high concentration, enjoyment, engagement, and control of the situation, which are typical features of flow experience. By definition optimal experience is present when both challenge and competence are above one's own averages.
For relaxation experience, feeling of competence is above one's average while challenge is below one's average. For anxiety experience, the opposite combination is prevalent; above average challenge is perceived while competence is below one's average. For apathy experience, both challenge and competence are below one's averages, and its occurrence has been associated with feelings of a lack of attention, concentration, and control. Furthermore, it has been suggested for example by Della Fave and Massimini (2005) that the positive psychological features of optimal experience have long-term effects on development; optimal experiences create a positive circle of enjoying the situation and looking for new suitable challenges, which recreate such feelings in the future.
Very often flow or optimal experience is taken as synonymous with a 'peak experience' or feeling of extreme happiness, or as Della Fave and Massimini express it, "optimal experience is frequently misunderstood as a state of fun, excitement, and ecstasy.
Moreover, far from being an unusual or rare condition, optimal experience is part of the daily experience fluctuation, and it is prominently characterized by concentration and engagement rather than by happiness and amusement" (2005, p. 270) .
Methodological development
The CASS methodology being developed relies on Experience-Sampling Method (ESM, Csikszentmihalyi & Larson, 1987; Csikszentmihalyi, 1996) and Ecological Momentary Assessment (EMA, Bolger, Davis, & Rafaeli, 2003; Reis & Gable, 2000; Stone & Shiffman, 2002) , which provide methods of assessing participants' contextual activities, events, and personal experiences. Traditional survey methods are usually individually oriented and focus on the participants' beliefs and other discursive entities rather than their practices as they occur. A student may be asked, for instance, to assess how he or she prepares for examinations in general. The central weakness of this approach is that the participants are asked to provide retrospective global assessments (Reis & Gable, 2000) of their beliefs and conceptions of learning rather than recount learning activity unfolding in real time.
Contextual activity sampling, or more generally event sampling, has advantages over traditional survey research: an essential aspect of CASS is to provide a large number of measures (50-60 per participant) regarding learning activities across situations and contexts during periods of intensive follow-up. Data-gathering occurs in the context of respondents' everyday activities, which enhances ecological validity. Memory biases are decreased, as a participant is instructed to describe only the activities and affects from the last five minutes.
Contrary to survey methods, generalizations are made by researchers by aggregating observations or modeling changes across time by relying on time-series analysis or linear growth models. This data-collection method allows users to investigate within-person changes over time as well as between-person differences. The intended benefits include that the captured practices may be reflected on, modeled, and used to evaluate and revise learning and working activities.
Participants' knowledge practices may be sampled by different sampling strategies.
The fixed-time sampling is suitable for time-series analysis, while event-contingent sampling may be used to track the occurrence of critical incidents. In the former, participants are prompted, for instance, every three hours to answer to preset queries. In the latter, participants are instructed to open the application and report key features every time the critical event or activity is occurring.
It is important to point out that although Contextual Activity Sampling and interviews are the main methods of data collection, we are also engaged in design-based research (Brown, 1992; Collins, Joseph, & Bielaczyc, 2004; Design-Based Research Collective, 2003) . This relates to the development of the CASS-Query tool and the data collection practices. Study 1, described below, will particularly explicate the iteration of the datacollection focuses and practices in the longitudinal study. Study 2 is a pilot study using a shorter version of the same queries in a clinical training ward context.
The CASS-Query tool
The CASS-Query application has been designed to provide researchers and the users with means to collect frequent and systematic data on ongoing activity (Muukkonen et al, 2007) .
The CASS-Query tool is a Java application that runs on 3G mobile phones with the Symbian operating system. CASS-Query delivers queries (surveys) to research participants' mobile phones in order to be answered, after which data are sent to a server database (see Figure1 The data-collection with the CASS-Query tool is administered with the web-based CASS-Admin, which is a wizard-like user-interface for setting-up research and creating queries. It provides accounts for data-collections, specifies the sampling strategies and the data-collection period, and allows setting-up personalized queries for participants. It enables to follow the accumulation of data and export data. Further, it enables reusing already created queries, and provides enhanced data security and user authentication.
In the present use, the mobile phones are preset to set off an alarm signal every three hours. This prompts the participant to open the application (e.g., at 8 and 11 AM and 2, 5 and 8 PM). The CASS-Query application then connects the server database and retrieves the intended questionnaire. After answering the query questions, participants save the data, which automatically returns the data to the database. Participants have considered the application very easy to use.
Study 1: A longitudinal investigation of object-oriented activities and agency
The first study describes a longitudinal investigation of higher education students' knowledge practices as part of their everyday activities. The study is planned to include intensive 3-4-year follow-ups with the same students. To repeat the data-collection, the students are asked yearly to take part in a two-week intensive data collection, questions prompted by mobile phone five times a day (e.g., Nokia E70).
First year follow-up design and findings
The baseline study was carried out in the spring of 2007, with 55 first year university students. At the University of Helsinki, there were two groups participating, educational psychology (n = 9) and teacher training (n = 6). At the University of Jyväskylä they were participants majoring in psychology (n = 20). In Espoo, student were engineering students from the Metropolia University of Applied Sciences, media engineering in the Finnish degree program (n = 13) and in the English degree program (n = 7). The mean age for students was 22.3 years (SD = 3.1), ranging between 19 and 37 years of age.
The first-year research has addressed questions on the sensitivity and the affordances of the methodology to examine knowledge practices and how the context of studying relates to affects and practices (e.g., how does context during studying relate to feelings of challenge, competence, and commitment?).
To explain the operationalizations of the measurement procedure, the main variables that are addressed in the findings are introduced here. We asked 'Do you feel stress? (1-7)' with a definition 'Stress means a situation in which a person feels tense, restless, nervous or anxious or is unable to sleep at night because his/her mind is troubled all the time. Do you feel this kind of stress these days?' This question was a one variable scale measuring stress, proposed by Elo and colleagues (2003) . We asked about the self-reported object-of-activity in each query by asking the open question 'what are you doing right now?' to be answered by text. The query continued by asking 'how challenging is this for you? (1-7)' and 'how competent do you feel? (1-7)', related directly to the reported activity. The interaction of challenge and competence was used to defined emotional states (apathy, relaxation, anxiety and optimal) as presented above. We also asked about interaction: 'Are you interacting with someone else? (yes /no)' to find out whether the participant was collaborating with someone at the time of the query.
The study was designed as a 2-weeks follow-up accompanied with the participants' individual interviews concerning their personal projects and interests. Students answered five times a day to queries (see Figure 2) . Circa 3400 responses were collected. Within the three studied institutions, the students reported markedly different patterns of engagement in collaboration in the five degree programs, suggesting that the design of the curriculum may have a major impact on whether students end up working solo (more lectures and exams) or with peers (more projects and collaborative assignments). Further, working in small groups and library evoked positive feelings and flow, but lectures not (see Muukkonen, Hakkarainen, Inkinen, Lonka, & Salmela-Aro, 2008) . However, our central interest had been to obtain data on the knowledge-creation practices, but our questions could not capture such practices adequately. A knowledge-creation type of object-oriented activity was rarely reported connected to studying: the few cases we identified of such type of activity were connected to engagement in leisure, e.g., recording a demo CD or preparing materials for some civic organization. A problem was apparent: how should we refine the queries in order to follow trialogical processes?
Second year follow-up design and findings
During the second year, data-collection was repeated with the same student-groups, which resulted in c. 2400 responses (40 participants). The research questions address methodological development (validity and reliability of the scale for trialogical knowledge practices), what emotional states (apathy, relaxation, anxiety and optimal) are experienced with trialogical practices during studies, and what kinds of objects of activity are associated with high challenge and trialogical practices during studying.
In addition to the first year's data-collection, a scale for 'trialogical practices' was developed. It posed questions like 'I am developing an idea or product', 'Results of this work can be utilized later', and 'I can contribute to others in this matter' on a 1-7 scale. In this paper we examine the results from studying context only. A sum score was created from these three variables (n = 761 and Cronbach's Alpha = 0.75) and it was normalized for each participants (average = 0 and standard deviation = 1). Further addition to first year was that the interview structure was modified to be able to focus more on longer-term activities.
Preliminary results indicate that self-reported objects-of-activity with high scores on trialogical practices were connected to activities like "I am planning a new web site", "I am rewriting and cultivating my essay", "Reflection on the phenomena studies", "Doing flashanimation", and "I'm starting my bachelor's work". Further, the higher scores students showed on the trialogical practice scale while they were studying, the more often they were experiencing optimal experiences, that is, participants experienced high challenge matched with high competence (Figure 3 ). When participants reported high values on the trialogical practice scale they, had often high challenges. Only 11 % of the responses rated as high (Z>1,3) in trialogical practices scale were associated with the four channel model states of relaxation and apathy, while 44 % were associated with anxiety and 45 % with optimal experience. It appears important in terms of the theory of psychological selection that optimal experience is reported most often with moderately high ratings of trialogical practices. This provides empirical evidence of the interdependence between knowledge-creation and optimal experience. A qualitative examination of the self-reported objects-of-activity generated seven categories of activities: writing; working on a collective object or in a project (wi th a collective object); study related activities such as work in lab, doing homework or background research; reading book or notes and preparing for exam; planning and preparing; following a lecture; and miscellaneous activities. These activities were examined together with the different intensity classes of the trialogical practice scale and the four channel model of relationship between challenge and competence (see Table 1 ). Especially writing, but also planning and preparing as well as working on a collective object were often associated optimal experience and with developing an idea, perception that this work could be utilized later, and that a student could contribute to others with it. These results seem to confirm that trialogical practice scale measured phenomenon it was intended to measure as it captured writing, planning and preparing, and working on a collective object as trialogical activities. On the other hand, following a lecture was often associated with low scores on the trialogical practice scale and experience of low challenge and high competence (relaxation).
Another interesting result was that study related activity (doing homework, or background research on one's own) was often associated with high challenge and low competence (anxiety).
In the interviews, a preliminary analysis suggests that the participants often linked their high motivation to competency, social interactions, and the opportunity to make a difference or collaboratively change the society (e.g., re-organization of education). In the interviews, some students in educational psychology pointed out that they have found collaborative inquiry learning activities interesting because they have been able to influence on what phenomenon has been defined as an object of joint inquiry and how it has been framed during these activities. Further, it was perceived more motivating because inquiry learning involves compact and manageable sub-tasks that can be addressed more easily than for instance larger (individual) assignments requiring the writing of essays. Some engineering students described in their interviews that personally meaningful activities might be originally evoked by course driven assignments (for instance activities related to coding); later on they wanted to improve their skills continuously. Some participants also highlighted the meaning of their participation in the activities of the Students' Union since that opens an opportunity to influence how the educational system will be organized in the future. Table 1 . Frequencies and deviations from expected frequencies (100 % means expected, >100 % more than expected, <100 % less than expected) of self-reported objects-of-activities in different intensity classes of trialogical practice scale and the four channel model of relationship between challenge and competence. The findings of the second year follow-up enforced the preconception that as a next step, the CASS data-collection needs to coincide with educational practices, where challenging knowledge-creating inquiry is targeted. We wish to learn more about the trialogical aspects of practices. Following the general curriculum design, such practices are more emphasized in the last-two years of studies, for instance during field-training or courses which involve working with external client organization and tasks. Such research design could involve following and recording face-to-face meetings focusing on the development and exploration of a shared object and epistemic actions, and simultaneously tracking critical moments in collaboration by means of CASS-data.
Study 2: Contextual sampling of experiences of an interprofessional clinical course
The aim of the second study is to pilot the CASS method and tools for collecting process and context sensitive data in the context of an interprofessional training ward at a hospital, by carrying out investigations of student experiences of interprofessional teamwork across time. The CASS-Query tool and 3G mobile devices were used to collect data five times a day about the participating students' experiences and everyday activities during the two weeks that the students work at the clinic. So far ten students have participated but 50-100 more participants will participate in the study. Also, post-course interviews have been carried out. The data that have been collected concerns psychological experiences which contribute to or interfere with 'optimal experiences'. The same affect scale was used as in Study 1; here we examine the results on stress, competence, enthusiasm, and collaboration variables.
Preliminary Findings from the Pilot Study
We were surprised by the level of participation and acceptance among the students since we were concerned that the frequent querying would be considered to be time-consuming and disturbing. But only two of the ten pilot subjects did not participate actively and the level of activity of those who did remained high during the entire course. Moreover, all those who did participate were positive and claimed that it was not time-consuming or disturbing. One even considered responding relaxing and an occasion for reflection. Only one of the subjects considered the number or questionnaires per day to be high. The two subjects who didn't participate did not feel it was meaningful to participate since they had been unable to get started from the beginning. None of the subjects felt that they had been watched or that the very intense data collection infringed on their integrity.
The collected data enabled us to see how the participants experienced the course over time and how different activities were associated with how they reported their feelings of stress, interest, challenge, competence, and experienced level of importance of the activity that they were engaged in. Figures 5 and 6 below show how a medical and a nursing student have reported their levels of competence and feelings of stress and the activity that they were engaged in. Some typical patterns can be discerned between activities and how these are associated with their experiences, e.g., the medical student experienced a high level of stress and a low level of competence when she met a new patient (unknown to her) at an orthopedic ward. Observations about such associations between students' experiences and activities can be useful in the design of the activities. For instance, efforts have been made to provide more opportunities for students to meet more new patients at the clinical training ward rather than at other wards which, as mentioned, was something that was a cause of stress to the inexperienced students.
While some such patterns can be identified, these associations are not expected to be simple and definite: there may be several reasons for how particular activities are experienced by students other than just the activities themselves. More informative may be to find general trends concerning experiences among different participants -the data enabled us to make detailed comparisons of how students with different backgrounds experienced the course.
These diagrams illustrate that the experiences of stress differ clearly between this medical and nursing student. While both students appear initially to have experienced stress, the medical student has experienced a higher level of stress during most of the course whereas the nurse's stress level has dropped entirely towards the end of the course. Many interpretations are possible; one being that the medical student experienced more stress as a result of the responsibility of the patients that comes with her profession. And since each team consisted of only one medical student but several nursing students another interpretation is that having a higher number of co-workers belonging to the same profession provided support and therefore less stress. Regardless of which interpretation is most correct, identifying such trends can be very useful when refining the design of the course. Very little, or the absence of, stress may indicate that students' learning experiences are not optimal:
perhaps they are not challenged enough or they feel overly competent for the tasks that they are engaged in. Such observations are constructive when further modifying and adapting the course to fit the students. Another example of the findings shows that the levels of enthusiasm among the participants were higher when they were collaborating with other students than when they were working on their own (Fig. 7) . Figure 7 . Students' levels of enthusiasm are higher when collaborating
As we have a particular interest in interprofessional teamwork, the students were asked to continuously respond to CASS-queries about whether they were collaborating with somebody and in that case with whom as well as how well they thought that the collaboration worked. The students responded when they were collaborating with fellow students of various backgrounds or their tutors and they mostly indicated that the collaboration worked well. Occasionally some students would indicate that the collaboration did not work well at all. We were naturally curious as to why and each CASS-query includes the possibility to write free text comments and we had hoped that students would use this possibility when problems occurred. This possibility was however not used. The fifth query sent in the evenings asked the students to summarize and generalize about the activities of the day and also addressed issues concerning possible benefits of collaborating with other professions.
Occasionally they would indicate that they had no or very little help or use of students with other professional roles but they never elaborated on these issues and problems in the queries.
A conclusion is that the CASS respondents do not spontaneously elaborate on their queries to any greater degree. The reason for this may be related to this kind of methodology: engaging in the intense query responding may limit the number of spontaneous comments from the participants. As a consequence using CASS requires being even more careful than usual when formulating and choosing which questions to ask -responses are obtained to the CASS questions but elaborations to these are not necessarily provided.
After the course each participant was interviewed about the course and using CASS.
These interviews revealed a very positive attitude towards a number of issues relating to interprofessional work such as leadership, planning of work, quality of communication and evaluations as well as the utilization of available resources. None of these issues were considered to have posed any problems whatsoever by the students in the interviews, despite their earlier indications that collaboration was not optimal. Only one participant made a negative comment in the interviews about interprofessional teamwork concerning a medical student who he felt lacked interest and did not participate sufficiently in the teamwork. These positive results seem to indicate that the students were pleased with the interprofessional collaboration at the ward. But at the same time they seem overly positive and uncritical and we suspect that the post-interviews are not providing us with the detailed input that we need.
There are many possible reasons for this; perhaps when the course is over the students do not have a need to be critical anymore -it will not change their working environment anyway.
We believe that the CASS methodology can be especially helpful in addressing possible problems and challenges concerning interprofessional activities, provided that these are addressed explicitly and continuously in the queries. The issues need to be brought up as they take place rather than in retrospective questionnaires in the evenings or in post-course interviews.
To conclude, the detailed data about different student-categories' experiences over time extend the understanding of student practices beyond what can be acquired by traditional post-course questionnaires and may contribute to the development of the design of interprofessional education in medicine and healthcare. The pilot showed that the stress level seemed to initially be at a high level and then sink drastically to a level which was probably lower than ideal (too little stress may indicate that the students were not challenged enough).
Although this result may only show the stress levels of these particular participants caused by something happening during their course rather being something caused by the course itself.
E.g., the number of patients was not so high during the particular weeks may have led to the low stress levels. Nevertheless, this shows how data collected with the CASS-methodology can be valuable when evaluating and designing courses. Such observations would probably have been very difficult to make without the continuous context-sensitive data collection methodology.
The pilot has shown that the participants used the CASS mobiles to indicate when interprofessional collaboration was not optimal but they would not spontaneously provide elaborations on these incidents and after the courses these issues were not brought up in the interviews. This has led us to conclude that we should focus more on activating students in actively creating critical analyses of the interprofessional work that they were engaged in.
Therefore in the further data collection means will be taken to specifically support analysis of the interprofessional work: rather than just respond to whether the collaboration works well the participants will be encouraged to continuously analyze the quality of the interprofessional work that they are involved in. Such activities can be viewed as a form of (trialogical) knowledge-creation and the CASS methodology is thereby not only used as datacollection tool but also as a tool supporting learners in their knowledge-creation activities.
Also, during the post-course interviews we plan to use graphs representing the participants' responses over time which thereby connect the interviews to the course's activities using the collected context-sensitive data as an input. Thereby it is possible to get the respondents' opinions of their earlier reactions many of which actually were more critical and which thereby could inform course development further.
Concluding remarks
This research contributes to the further development of the Contextual Activity Sampling methodology and associated CASS-Query tool which may have value for researchers or educators having interest in collecting detailed, contextualized data about students' or professionals' practices and experiences over time.
The first study described a longitudinal research design, which follows a number of students in three institutions over their four-year studies with yearly sampling of activities with CASS. Only a small subset of this research has been addressed in this paper. The development of the trialogical practices scale helped to operationalize some aspects Especially writing, but also planning and preparing as well as working on a collective object were often associated with optimal experiences and with developing ideas, perceptions that the work could be utilized later, and that the work could contribute to others. Optimal experience was reported most often with moderately high ratings of trialogical practices.
The second study presented how data collected wi th CASS and post interviews enabled to see how the participants of an interprofessional clinical course experienced the course over time. It examined how different activities were associated with feelings of stress, interest, challenge, competence, and experienced level of importance of the activity that they were engaged in. It suggested that data collected about activities and experiences over time extended the understanding of students' practices beyond what can be acquired by traditional post-course questionnaires and can contribute to the development of the design of interprofessional education in medicine and healthcare.
The two research designs presented have both employed a sampling strategy with five queries a day. It should be acknowledged that such a high frequency can be quite burdening to participants. In the design of data collection, the value of a high frequency of sampling should be carefully considered along with the possible drop-out of participants, particularly in repeated designs. Another solution could be to develop more context-sensitive or hybrid combinations of sampling strategies.
Our development efforts and the first studies using the CASS methodology have broadened our view of the scope of the applicability for the methodology. It is of particular value in settings where repeated data can be provided by participants in the study. This sets the methodology clearly apart from traditional survey methods. Secondly, it can be used to collect data in any setting, not predefined by the researcher. How well the research can capture different aspects of the participants' activities depends on how specific or general questions are used. We have already developed a 'super question', which can open or close alternative following questions.
The methodology has provided us unique and very rich data on the actual, evolving practices of the participants. We perceive the method to be most suitable to be used by adults.
The scope of applications of the methodology can include studies, for example, on work ergonomics (by asking for instance mobile workers to evaluate their work load at different locations), follow-ups on counseling or medical advice or any number of research topics where the context and activities change and researchers are interested in these changes.
